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Abstract
We present a study of the chiral-odd generalized parton distributions (GPDs) for u and d quarks in
a proton using the light front wave functions (LFWFs) of the scalar quark-diquark model for nucleon
constructed from the soft-wall AdS/QCD correspondence. We obtain the GPDs in terms of overlaps
of the LFWFs. Numerical results for chiral-odd GPDs in momentum as well as transverse position
(impact) spaces considering both zero and nonzero skewness(ζ) are presented. For nonzero skewness,
the GPDs are also evaluated in longitudinal position space.
PACS numbers: 14.20.Dh, 13.60.Fz, 13.40.Gp, 12.90.+b, 13.88.+e
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I. INTRODUCTION
Generalized parton distributions (GPDs) encode the informations about the three dimen-
sional spatial structure of the proton as well as the spin and orbital angular momentum of
the constituents. The GPDs(see [1] for reviews on GPDs) are off-forward matrix elements and
appear in the exclusive processes like Deeply Virtual Compton Scattering (DVCS) or vector
meson productions. The GPDs being functions of three variables namely, longitudinal momen-
tum faction x of the parton, square of the total momentum transferred t and the longitudinal
momentum transferred ζ so called skewness in the process contains more informations than
the ordinary parton distribution functions(PDFs). The first moments of GPDs give the form
factors accessible in exclusive processes whereas they reduce to PDFs in the forward limit. At
leading twist, we can define three generalized distributions in parallel to three PDFs, namely,
the unpolarized, helicity, and transversity distributions. Similar to transversity distribution,
the generalized transversity distribution FT is also chiral-odd. In the most general way, FT is
parametrized in terms of four chiral-odd GPDs, namely HT , H˜T , ET , and E˜T [2–5]. The
chiral-odd GPDs give information on the correlation between the spin and angular momentum
of quarks inside the proton. At zero skewness, by performing a Fourier transform (FT) of the
GPDs with respect to the momentum transfer in the transverse direction ∆⊥, one obtains the
impact parameter dependent parton distributions, which provide us the picture that how the
partons of a given longitudinal momentum fraction (x) are distributed in impact parameter (b⊥)
or transverse position space. Unlike the GPDs themselves, impact parameter dependent parton
distributions have probabilistic interpretation and satisfy the positivity condition [5–7]. In the
t→ 0 limit, the second moment of the GPDs are related to the angular momentum contribution
to the nucleon by the quark or gluon [8]. The impact parameter dependent PDFs are trans-
versely distorted when one considers transversely polarized nucleons. The transverse distortion
can also be connected with Ji’s angular momentum relation. An interesting interpretation of
Ji’s angular momentum sum rule [8] for transversely polarized state was obtained in terms of
the impact parameter dependent PDFs in [5]. For the unpolarized quark, transverse distortion
arises due to the chiral-even GPD E which is related to the anomalous magnetic moment of
the quarks. As far as the transverse distortion of transversely polarized quark distributions is
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concerned, the linear combination of chiral-odd GPDs (2H˜T + ET ) plays a role similar to the
GPD E as for the unpolarized quark distributions. In the forward limit, a relation between
the transverse total angular momentum of the quarks and a combination of second moments
of HT , H˜T and ET has been proposed in [5], in analogy with Ji’s relation. E˜T being an odd
function of ζ, does not contribute at ζ = 0. For nonzero skewness one can also represent the
GPDs in the longitudinal position space by taking FT of the GPDs with respect to ζ [9–14].
Unlike the chiral-even GPDs, it is very difficult to measure chiral-odd GPDs. In a very
recent COMPASS experiment [15], exclusive production of ρ0 mesons by scattering muons off
transversely polarized proton was measured. The target spin asymmetries measured in the ex-
periment agree well with GPD-based model calculations which indicate the first experimental
evidence of chiral-odd GPDs, especially the transversity GPD HT . There has been proposals to
get access to the chiral-odd GPDs through diffractive double meson production [16, 17]. The
role of transversity GPDs in leptoproduction of vector mesons [18] as well as in hard exclusive
electroproduction of pseudoscalar mesons [19] have been investigated within the framework of
the handbag approach. A simple model for the dominant transversity GPD HT based on the
concept of double distribution has been proposed and has been used to estimate the unpolarized
differential cross section for this process in the kinematics of the Jlab and COMPASS experi-
ments in [20]. The chiral-odd GPDs in a constituent quark model have been studied for nonzero
skewness using the overlap representation in terms of light-front wave functions (LFWFs) in [3].
The general properties of the chiral-odd GPDs in a QED model have been investigated in both
momentum and transverse position as well as longitudinal position spaces [9]; the impact pa-
rameter representation of the GPDs have been studied in a QED model of a dressed electron [10]
and in a quark-diquark model [21] for ζ = 0. The Mellin moments of the transverse GPDs have
been evaluated on lattice [22–25].
There have been numerous attempts to gain insight into the hadron structure by studying
QCD inspired models as nonperturbative properties of hadrons are always very difficult to
evaluate from QCD first principle.In this work, we consider a phenomenological light front
quark-diquark model recently proposed by Gutsche et. al [26] where the LFWFs are modeled by
the wave functions obtained from a soft-wall model in light front AdS/QCD correspondence [27,
28]. This model is consistent with Drell-Yan-West relation which relates the high Q2 behavior
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of the nucleon form factors and the large x behavior of the structure functions.
The paper is organized in the following way. In Section II, a brief introductions about the
nucleon LFWFs of quark-diquark model has been given. We present the overlap formalism of
the chiral-odd GPDs and show the results for proton GPDs of u and d quarks in momentum
space in Section III. The GPDs in the transverse as well as the longitudinal impact parameter
space are presented in Sections IV and IV A. Finally we summarize all the results in Section V.
II. LIGHT-FRONT QUARK-DIQUARK MODEL FOR THE NUCLEON
Here, we consider the quark-diquark model with a scalar diquark. The 2-particle Fock-state
expansion for Jz = +1
2
and Jz = −1
2
are then written as
|P ; +〉 =
∑
q
∫
dx d2k⊥
2(2pi)3
√
x(1− x)
[
ψ++q(x,k⊥)|+
1
2
, 0;xP+,k⊥〉
+ ψ+−q(x,k⊥)| −
1
2
, 0;xP+,k⊥〉
]
, (1)
|P ;−〉 =
∑
q
∫
dx d2k⊥
2(2pi)3
√
x(1− x)
[
ψ−+q(x,k⊥)|+
1
2
, 0;xP+,k⊥〉
+ ψ−−q(x,k⊥)| −
1
2
, 0;xP+,k⊥〉
]
, (2)
where the |λq, λs;xP+,k⊥〉 represents a two particle state with a quark spin λq = ±, longitudinal
momentum xP+ and a spectator of spin λs = 0 (scalar diquark). The states are normalize as:
〈λ′q, λ′s;x′P+,k′⊥|λqλs;xP+,k⊥〉 =
2∏
i=1
16pi3p+i δ(p
′+
i − p+i )δ2(k′⊥i − k⊥i)δλ′iλi , (3)
and ψλNλqq are the light-front wave functions with nucleon helicities λN = ± and quark helicities
λq = ±. We adopt the generic ansatz for the quark-diquark model of the valence Fock state of
the nucleon LFWFs at an initial scale µ0 = 313 MeV as proposed in [26] :
ψ++q(x,k⊥) = ϕ
(1)
q (x,k⊥),
ψ+−q(x,k⊥) = −
p1 + ip2
xM
ϕ(2)q (x,k⊥),
ψ−+q(x,k⊥) =
p1 − ip2
xM
ϕ(2)q (x,k⊥), (4)
ψ−−q(x,k⊥) = ϕ
(1)
q (x,k⊥),
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where ϕ
(1)
q (x,k⊥) and ϕ
(2)
q (x,k⊥) are the wave functions predicted by soft-wall AdS/QCD[28]
ϕ(i)q (x,k⊥) = N
(i)
q
4pi
κ
√
log(1/x)
1− x x
a
(i)
q (1− x)b(i)q exp
[
− k
2
⊥
2κ2
log(1/x)
(1− x)2
]
, (5)
where κ is the AdS/QCD scale parameter which is taken to be 0.4 GeV [29, 30]. The parameters
a
(i)
q and b
(i)
q with the constants N
(i)
q are fixed by fitting the electromagnetic properties of the
nucleons: a
(1)
u = 0.020, a
(1)
d = 0.10, b
(1)
u = 0.022, b
(1)
d = 0.38, a
(2)
u = 1.05, a
(2)
d = 1.07, b
(2)
u =
−0.15, b(2)d = −0.20, N (1)u = 2.055, N (1)d = 1.7618, N (2)u = 1.322, N (2)d = −2.4827.
III. CHIRAL-ODD GENERALIZED PARTON DISTRIBUTIONS
The chiral-odd GPDs are defined as off-forward matrix elements of the bilocal operator of
light-front correlation functions of the tensor current [2]
1
2
∫
dz−
2pi
eix¯P
+z−〈p′, λ′|ψ¯(−z/2)σ+iγ5ψ(z/2)|p, λ〉|z+=0,~z⊥=0
=
1
2P+
u¯(p′, λ′)
[
HqTσ
+iγ5 + H˜
q
T
+iαβ∆αPβ
M2
+ EqT
+iαβ∆αγβ
2M
+ E˜qT
+iαβPαγβ
M
]
u(p, λ), (6)
where i = 1, 2 is a transverse index. p (p′) and λ (λ′) denote the proton momenta and the helicity
of the initial (final) state of proton, respectively. In the symmetric frame, the kinematical
variables are
P µ =
(p+ p′)µ
2
, ∆µ = p′µ − pµ, ζ = −∆+/2P+, (7)
and t = ∆2. We choose the light-front gauge A+ = 0, so that the gauge link appears in between
the quark fields in Eq. (6) is unity. The GPDs which involve the quark helicity flip can be
related to the following matrix elements [2, 3]
Aλ′+,λ− =
∫
dz−
2pi
eix¯P
+z−〈p′, λ′| O+,−(z) |p, λ〉
∣∣∣
z+=0, ~z⊥=0
,
Aλ′−,λ+ =
∫
dz−
2pi
eix¯P
+z−〈p′, λ′| O−,+(z) |p, λ〉
∣∣∣
z+=0, ~z⊥=0
, (8)
with the operators O+,− and O−,+ defined by
O+,− = i
4
ψ¯ σ+1(1− γ5)ψ ,
O−,+ = − i
4
ψ¯ σ+1(1 + γ5)ψ. (9)
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Using the reference frame where the momenta ~p and ~p ′ lie in the x− z plane, one can explicitly
derive the following relations [2]
A++,+− = 
√
t0 − t
2m
(
H˜qT + (1− ζ)
EqT + E˜
q
T
2
)
,
A−+,−− = 
√
t0 − t
2m
(
H˜qT + (1 + ζ)
EqT − E˜qT
2
)
,
A++,−− =
√
1− ζ2
(
HqT +
t0 − t
4m2
H˜qT −
ζ2
1− ζ2 E
q
T +
ζ
1− ζ2 E˜
q
T
)
,
A−+,+− = −
√
1− ζ2 t0 − t
4m2
H˜qT , (10)
where,  = sgn(D1), where D1 is the x-component of Dα = P+∆α − ∆+Pα and D1 = 0
corresponds to t = t0. The minimum value of −t for given ζ is −t0 = 4m2ζ2/(1− ζ2). Due to
parity invariance one has the relation A−λ′−,−λ+ = (−1)λ′−λAλ′+,λ−.
The chiral-odd GPDs are off-diagonal in the quark helicity basis but they can also be cal-
culated in the transversity basis [3] which is more useful for the overlap formalism used in this
work. Here we briefly discuss the transformation of matrix elements defining chiral-odd GPDs
from helicity basis to transversity basis [3]. Consider the operators O+,−+O−,+ = − i2 ψ¯σ+1γ5ψ
and O+,− −O−,+ = i2 ψ¯σ+1ψ in the transversity basis i.e.
T qλ′tλt
= 〈p′, λ′t|
∫
dz−
2pi
eix¯P
+z−ψ¯(−z/2)γ+γ1γ5ψ(z/2)|p, λt〉, (11)
T˜ qλ′tλt
= 〈p′, λ′t|
∫
dz−
2pi
eix¯P
+z− i
2
ψ¯(−z/2)σ+1ψ(z/2)|p, λt〉, (12)
where λt (λ
′
t) labels the transverse polarization of the initial (final) nucleon polarized along +ve
x(↑) or -ve x(↓) direction and the transverse basis states are defined as
| p, ↑〉 = 1√
2
(| p,+〉+ | p,−〉), (13)
| p, ↓〉 = 1√
2
(| p,+〉− | p,−〉). (14)
These matrix elements obey the following relations as a result of parity invariance
T q↑↑ = −T q↓↓ , T q↑↓ = T q↓↑ ,
T˜ q↑↑ = T˜
q
↓↓ , T˜
q
↑↓ = −T˜ q↓↑ . (15)
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We can now express them in terms of the matrix elements in the helicity basis as
T q↑↑ = A++,−− + A−+,+−, T
q
↑↓ = A++,+− − A−+,−−,
T˜ q↑↑ = A++,+− + A−+,−−, T˜
q
↓↑ = A++,−− − A−+,+−. (16)
Finally, one can obtained the chiral-odd GPDs from the transverse matrix elements through
the relations
HqT =
1√
1− ζ2T
q
↑↑ −
2Mζ

√
t0 − t(1− ζ2)T
q
↑↓, (17)
EqT =
2M

√
t0 − t(1− ζ2)
(
ζT q↑↓ + T˜
q
↑↑
)
− 4M
2
(t0 − t)
√
1− ζ2(1− ζ2)
(
T˜ q↓↑ − T q↑↑
)
. (18)
H˜qT =
2M2
(t0 − t)
√
1− ζ2 (T˜
q
↓↑ − T q↑↑), (19)
E˜qT =
2M

√
t0 − t(1− ζ2)
(
T q↑↓ + ζT˜
q
↑↑
)
− 4M
2ζ
(t0 − t)
√
1− ζ2(1− ζ2)
(
T˜ q↓↑ − T q↑↑
)
. (20)
A. Overlap formalism
Using the overlap representation of light front wave functions, we evaluate the chiral-odd
GPDs in light front quark-diquark model. We restrict our discussion to the DGLAP domain,
i.e., ζ < x < 1 where ζ is the skewness and x is the light front longitudinal momentum fraction
carried by the struck quark. This kinematical domain describes the diagonal n → n overlaps
where the particle number remain conserved. This region corresponds to the situation where
one removes a quark from the initial proton with light-front longitudinal momentum (x+ ζ)P+
and re-insert it into the final proton with longitudinal momentum (x − ζ)P+. The diagonal
2→ 2 overlap representation of the matrix elements T qλλ′ and T˜ qλλ′ in terms of light-front wave
functions in the quark-diquark model are given by
T q↑↑ =
∫
d2k⊥
16pi3
[
ψ+∗+q (x
′,k′⊥)ψ
−
−q(x
′′,k′′⊥) + ψ
−∗
+q (x
′,k′⊥)ψ
+
−q(x
′′,k′′⊥)
]
, (21)
T q↑↓ =
∫
d2k⊥
16pi3
[
ψ+∗+q (x
′,k′⊥)ψ
+
−q(x
′′,k′′⊥)− ψ−∗+q (x′,k′⊥)ψ−−q(x′′,k′′⊥)
]
, (22)
T˜ q↑↑ =
∫
d2k⊥
16pi3
[
ψ+∗+q (x
′,k′⊥)ψ
+
−q(x
′′,k′′⊥) + ψ
−∗
+q (x
′,k′⊥)ψ
−
−q(x
′′,k′′⊥)
]
, (23)
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FIG. 1: (Color online) Plots of the chiral-odd GPDs for zero skewness vs x and different values of −t
in GeV2 for u and d quarks.
T˜ q↑↓ =
∫
d2k⊥
16pi3
[
ψ+∗+q (x
′,k′⊥)ψ
−
−q(x
′′,k′′⊥)− ψ−∗+q (x′,k′⊥)ψ+−q(x′′,k′′⊥)
]
, (24)
where, for the final struck quark
x′ =
x− ζ
1− ζ , k
′
⊥ = k⊥ + (1− x′)
∆⊥
2
, (25)
and for the initial struck quark
x′′ =
x+ ζ
1 + ζ
, k′′⊥ = k⊥ − (1− x′′)
∆⊥
2
. (26)
The explicit calculation of the matrix elements T qλλ′ and T˜
q
λλ′ using the light front wave functions
of the quark-diquark model given in Eq.(4) gives
T q↑↑ =
1
κ2
[ log x′ log x′′
(1− x′)(1− x′′)
]1/2[
(N (1)q )
2(x′x′′)a
(1)
q {(1− x′)(1− x′′)}b(1)q 1
A
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FIG. 2: (Color online) Plots of chiral odd GPDs for the nonzero skewness vs x and different values of
−t in GeV 2, for fixed value of ζ = 0.15. (a) HqT , (b) H˜qT and (c) EqT , (d) E˜qT ; q stands for u and d
quark.
− (N (2)q )2
1
M2n
(x′x′′)a
(2)
q −1{(1− x′)(1− x′′)}b(2)q
( B2
4A2
− 1
4
(1− x′)(1− x′′)
+
B
4A
(x′′ − x′)
)Q2
A
]
exp
[
Q2
(
C − B
2
4A
)]
, (27)
T q↑↓ = −
N
(1)
q N
(2)
q
κ2
[ log x′ log x′′
(1− x′)(1− x′′)
]1/2 1
Mn
[
(x′)a
(1)
q (1− x′)b(1)q (x′′)a(2)q −1(1− x′′)b(2)q
×
(BQ
2A2
− Q
2A
(1− x′′)
)
+ (x′)a
(2)
q −1(1− x′)b(2)q (x′′)a(1)q (1− x′′)b(1)q
×
(BQ
2A2
+
Q
2A
(1− x′′)
)]
exp
[
Q2
(
C − B
2
4A
)]
, (28)
T˜ q↑↑ = −
N
(1)
q N
(2)
q
κ2
[ log x′ log x′′
(1− x′)(1− x′′)
]1/2 1
Mn
[
(x′)a
(1)
q (1− x′)b(1)q (x′′)a(2)q −1(1− x′′)b(2)q
×
(BQ
2A2
− Q
2A
(1− x′′)
)
− (x′)a(2)q −1(1− x′)b(2)q (x′′)a(1)q (1− x′′)b(1)q
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FIG. 3: (Color online) Plots of chiral odd GPDs for the nonzero skewness vs x and different values of
ζ, for fixed value of t = 0.7 GeV 2. (a) HqT , (b) H˜
q
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×
(BQ
2A2
+
Q
2A
(1− x′′)
)]
exp
[
Q2
(
C − B
2
4A
)]
, (29)
T˜ q↑↓ =
1
κ2
[ log x′ log x′′
(1− x′)(1− x′′)
]1/2[
(N (1)q )
2(x′x′′)a
(1)
q {(1− x′)(1− x′′)}b(1)q 1
A
+ (N (2)q )
2 1
M2n
(x′x′′)a
(2)
q −1{(1− x′)(1− x′′)}b(2)q
( B2
4A2
− 1
4
(1− x′)(1− x′′)
+
B
4A
(x′′ − x′)
)Q2
A
]
exp
[
Q2
(
C − B
2
4A
)]
, (30)
where ∆2⊥ = Q
2 = −t(1− ζ2)− 4M2nζ2. A, B and C are functions of x′ and x′′,
A = A(x′, x′′) = − log x
′
2κ2(1− x′)2 −
log x′′
2κ2(1− x′′)2 ,
B = B(x′, x′′) =
log x′
2κ2(1− x′) −
log x′′
2κ2(1− x′′) , (31)
C = C(x′, x′′) =
1
4
[ log x′
2κ2
+
log x′′
2κ2
]
.
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FIG. 4: (Color online) Plots of chiral odd GPDs for the nonzero skewness vs ζ and different values of
−t in GeV 2, for fixed value of x = 0.6. Left pannel is for u quark and the right pannel is for d quark.
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Using the matrix elements calculated in Eqs.(27-30) we evaluate the chiral-odd GPDs in
Eqs.(17-20). All the GPDs are suitably scaled by the flavor factors Pq where Pu =
4
3
, and
Pd = −13 are dictated by SU(6) spin-flavor symmetry [31].
In Fig.1 we show the t dependence chiral-odd GPDs HqT , H˜
q
T and E
q
T for up and down quarks
in the quark-diquark model when the skewness ζ = 0 . Being an odd function of ζ, the GPD
E˜qT vanishes at ζ = 0 in this model. The similar behavior of E˜
q
T has been reported in [2, 3].
One can notice that the sign of all three GPDs for u quark are opposite with respect to d
quark and H˜qT shows opposite sign of H
q
T (x, 0, t) as expected from SU(6) symmetry. The peaks
of all the distributions move to higher values of x as −t increases. For ζ 6= 0, all the four
GPDs are shown in Fig.2 and 3. In Fig.2 the GPDs are shown for fixed value of ζ = 0.15 but
for different values of −t. In Fig.3, we plot the GPDs for fixed value of −t = 0.7 GeV2 and
different values of ζ. One can notice that the height of the peaks of the distributions increase
and shift to higher x with increasing ζ for fixed −t. In all cases, the GPDs vanish at x = ζ.
The reason is that in our approach we consider only the contribution from the valence quarks.
In this model we can not evaluate the total (sea+valence) GPDs as the model itself depends
only on the valence quarks. The similar behavior of the chiral-odd GPDs has been found in the
relativistic constituent quark model calculated in [3]. Also, the region for x < ζ, the so called
ERBL region, where quark-antiquark pair creation/annihilation are involved are not included
in this model. In Fig.4, we have shown the GPDs as functions of ζ for different values of −t
and fixed x. It can be noticed that only E˜qT (x, ζ, t) ( Fig.4(g) and Fig.4(h)) shows markedly
different behavior from the other GPDs. E˜qT (x, ζ, t) rises smoothly from zero as ζ increases for
all t values whereas the other GPDs have different values at ζ = 0 for different values of −t.
The similar behaviors of the chiral-odd GPDs have been observed [9] in a QED model.
B. Mellin moments of chiral-odd GPDs
The Mellin moments of the valence GPDs are defined as
HqTn0(t) =
∫ 1
0
dxxn−1HqT (x, 0, t), (32)
where the index n = 1, 2, 3 etc., and the second subscript indicates that the moments are
evaluated at zero skewness. The moments of the other GPDs, EqTn0(t) and H˜
q
Tn0(t) can also be
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FIG. 5: (Color online) Tensor form factors for u and d quarks are compared with the lattice [22] and
chiral quark-soliton model (xQSM) [32, 33] results.
defined in the same way as (32). The first moments of chiral-odd GPDs give the tensor form
factors. The forward values, t = 0, of the form factor gT = HT10(t = 0) can be identified as the
tensor charge [23]. The combination of tensor form factors E¯qT10 = (E
q
T10+2H˜
q
T10) in the forward
limit plays a role very similar to that of anomalous magnetic moment κq and therefore may be
identified with a tensor magnetic moment, κqT = E¯
q
T10(t = 0) [5]. In Fig.(5), we have compared
our result for the tensor form factors with the corresponding results from lattice [22] and chiral
quark soliton model [32, 33]. The tensor form factors for u quark in this model agrees well with
the chiral quark-soliton model (χQSM) but both(this model and χQSM model) deviate from
lattice results for both u and d quarks. The second moments of these GPDs correspond to the
gravitational form factors of quarks with transverse spin in an unpolarized nucleon. A linear
combination of HqT20(t), E
q
T20(t) and H˜
q
T20(t) gives the angular momentum carried by quarks
with transverse spin in an unpolarized nucleon[5], in analogy to Ji’s angular momentum sum
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FIG. 6: (Color online) Plots of first three moments of the chiral odd GPDs for zero skewness vs
√−t
in GeV . Left pannel is for u quark and the right pannel is for d quark.
rule. The third moments of the GPDs generate form factors of a twist-two operator having
two covariant derivatives [1] and the higher order moments give the form factors of higher-twist
operators.
In Fig.6 we show the first three moments of the chiral-odd GPDs |t|HqTn0(t), |t|EqTn0(t) and
|t|H˜qTn0(t) as functions of
√−t for u and d quarks. We find a strong decrease in the magnitudes
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of the moments with increasing n. This can be understood from the behavior of the GPDs
with x as shown in Fig.1. Higher moments involve higher power of x and hence the dominant
contributions come from the large x region(x → 1), but the GPDs decrease rapidly as x
increases, and hence the higher moments become smaller. We also observe that as the index n
increases, the decrease of the moments becomes slower with increasing −t. This again can be
explained in terms of the decrease of the GPDs with momentum fraction x, which results in a
weaker t slope for the higher moments. The similar behavior has been observed in lattice QCD
calculations of the moments of chiral-odd GPD [22].
IV. IMPACT PARAMETER REPRESENTATION OF CHIRAL-ODD GPDS
GPDs in transverse impact parameter space are defined by a two-dimensional Fourier trans-
form in ∆⊥ as follows [6, 7]:
HT (x, ζ, b⊥) =
1
(2pi)2
∫
d2∆⊥e−i∆⊥·b⊥HT (x, ζ, t), (33)
ET (x, ζ, b⊥) =
1
(2pi)2
∫
d2∆⊥e−i∆⊥·b⊥ET (x, ζ, t), (34)
H˜T (x, ζ, b⊥) =
1
(2pi)2
∫
d2∆⊥e−i∆⊥·b⊥H˜T (x, ζ, t), (35)
E˜T (x, ζ, b⊥) =
1
(2pi)2
∫
d2∆⊥e−i∆⊥·b⊥E˜T (x, ζ, t). (36)
Here, b⊥ is the transverse impact parameter conjugate to ∆⊥. For zero skewness, b⊥ gives
a measure of the transverse distance between the struck parton and the center of momentum
of the hadron. b⊥ satisfies the condition
∑
i xib⊥i = 0, where the sum is over the number of
partons. The relative distance between the struck parton and the center of momentum of the
spectator system is given by |b⊥|
1−x , which provides us an estimate of the size of the bound state
[34]. In the DGLAP region x > ζ, the impact parameter b⊥ implies the location where the
quark is pulled out and re-insert to the nucleon. In the ERBL domain x < ζ, b⊥ provides
the transverse distance of the quark-antiquark pair inside the nucleon. For zero skewness, the
chiral-odd GPDs also have a density interpretation in transverse impact parameter space like
chiral-even GPDs depending on the polarization of both the active quark and the nucleon. A
combination of ET (x, b⊥) and H˜T (x, b⊥) i.e. (ET + 2H˜T ) is responsible for a deformation in
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FIG. 7: (Color online) Plots of chiral odd GPDs for the nonzero skewness in impact space vs x and
b = |b| for fixed value of ζ = 0.2. Left pannel is for u quark and the right pannel is for d quark.
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FIG. 8: (Color online) Plots of chiral odd GPDs for the nonzero skewness in impact space vs ζ and
b = |b| for fixed value of x = 0.6. Left pannel is for u quark and the right pannel is for d quark.
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the transversity asymmetry quarks in an unpolarized target [4, 5, 10]. This is similar to the
role played by E(x, b⊥) for both unpolarized active quark and the nucleon. On the other hand
a combination of HT (x, b⊥) and H˜T (x, b⊥) provides a distortion in the transverse spin density
when the active quark and the nucleon are transversely polarized [4, 35]. Note that the density
interpretation is possible only in the limit ζ = 0, but in most experiment ζ is nonzero. So, it is
interesting to investigate the chiral-odd GPDs in the impact parameter space with nonzero ζ.
We show the skewness dependent chiral-odd GPDs in transverse impact parameter space
for fixed ζ = 0.2 as functions of b = |b⊥| and x for u and d quark in Fig.7. Similarly, all the
chiral-odd GPDs as functions of ζ and b for a fixed value of x = 0.6 are shown in Fig.8. The
peak of the distribution HT (x, ζ, b⊥) for fixed ζ appears at lower x for d quark and shifts to
higher x for u quark while for H˜T (x, ζ, b⊥) we get the peak at lower x for both u and d quarks.
For both ET (x, ζ, b⊥) and E˜T (x, ζ, b⊥), the peaks arise at lower x for both u and d quarks but
we also get an oscillatory behavior for both the GPDs of d quark. This is due to the fact
that EdT (x, ζ, t) and E˜
d
T (x, ζ, t) have slight oscillatory behavior as can be seen in Fig. 2(c)-(d).
Except H˜T (x, ζ, b⊥), the peak of u quark in all other distributions are sufficiently large compare
to d quark. For H˜T (x, ζ, b⊥), the peak of u quark is slightly large compare to d quark. For
small b, E˜T (x, ζ, b⊥) falls off slowly at large x for u quark compare to d quark. With increasing
x, the width of all the distributions in transverse impact parameter space decreases, which
implies that the distributions are more localized near the center of momentum for higher values
of x. Substantial differences is observed in E˜T (x, ζ, b⊥) from other GPDs when the GPDs are
plotted against ζ and b for fixed values of x in Fig.8. E˜T (x, ζ, b⊥) increases with increasing ζ.
Another interesting behavior of all the GPDs is that the peaks of all the distributions become
broader as ζ increases for a fixed value of x. This means that as the momentum transfer in
the longitudinal direction increases the probability of hitting the transversely polarized active
quark at a larger transverse impact parameter b increases.
A. GPDs in longitudinal impact parameter space
The boost invariant longitudinal impact parameter is defined as σ = 1
2
b−P+ which is conju-
gate to ζ, the measure of longitudinal momentum transfer. The parameter σ was first introduced
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FIG. 9: (Color online) Plots of the chiral-odd GPDs in longitudinal impact space vs σ and different
values of −t in GeV2, for fixed value of x = 0.3. Left pannel is for u quark and the right pannel is for
d quark.
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in [11]. The DVCS amplitude in a QED model of a dressed electron shows an interesting diffrac-
tion pattern in the longitudinal impact parameter space analogous to diffractive scattering of
a wave in optics [11]. In analogy with optics, the finite size of the ζ can be interpreted as a
slit of finite width and produces the diffraction pattern. It should be mentioned here that the
FT with a finite range of ζ of any function does not show the diffraction pattern [12]. The
pattern depends on the behavior of the function. The chiral-odd GPDs calculated in [9] for
a simple relativistic spin half system of an electron dressed with a photon exhibit the similar
diffraction pattern in the longitudinal impact parameter space. A phenomenological model for
proton GPDs show the similar diffraction pattern [12]. Similar diffraction patterns are also
observed for the chiral-even GPDs in this light front quark-diquark model [14] as well as in
QED model [13]. The GPDs in longitudinal position space are defined as:
HT (x, σ, t) =
1
2pi
∫ ζf
0
dζeiζP
+b−/2HT (x, ζ, t),
=
1
2pi
∫ ζf
0
dζeiζσHT (x, ζ, t), (37)
ET (x, σ, t) =
1
2pi
∫ ζf
0
dζeiζP
+b−/2ET (x, ζ, t),
=
1
2pi
∫ ζf
0
dζeiζσET (x, ζ, t). (38)
Similarly one can obtain H˜T (x, σ, t) and E˜T (x, σ, t) as well. Since we are considering the region
ζ < x < 1, the upper limit of ζ integration ζf is given by x if x is smaller than ζmax, otherwise
by ζmax if x is larger than ζmax where the maximum value of ζ for a fixed −t is given by
ζmax =
√
(−t)
(−t+ 4M2n)
. (39)
We show the Fourier spectrum of all the chiral-odd GPDs for u and d quarks in longitudinal
position space as a function of σ for fixed x = 0.3 and different values of −t in Fig.9. HqT ,
EqT and H˜
q
T display a diffraction pattern in the σ space as observed for the DVCS amplitude
in [11], but E˜qT (x, σ, t) does not show the same pattern. This is due to the fact that the distinctly
different behavior of E˜qT (x, ζ, t) with ζ compared to the other GPDs. This again shows that
the diffraction pattern is not solely due to the finiteness of ζ integration, the functional form of
the GPDs are also crucial. For all the diffraction patterns the first minima appears at the same
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values of σ. We also show the chiral-odd GPDs in σ space for fixed −t = 0.4 GeV 2 and different
values of x in Fig.10. In analogous to the single slit optical diffraction pattern, here ζmax plays
the role of the slit width. Since the position of the minima are inversely proportional to the
slit width, the minima move towards the center of the diffraction pattern as the slit width ζmax
increases.
V. SUMMARY
we have investigated the chiral-odd GPDs for u and d quark in proton for both zero and
nonzero skewness in the light front quark-diquark model predicted by the soft-wall AdS/QCD.
We have found that the E˜qT (x, 0, t) is zero in this model due to odd function in nature with
ζ. H˜qT shows opposite sign of H
q
T for both u and d quark as expected from SU(6). For zero
skewness, all the chiral-odd GPDs for u quark are opposite with respect to d quark . We have
calculated the GPDs for nonzero skewness in the DGLAP region i.e., for (x > ζ). The peaks
of the distributions move to higher values of x for fixed ζ with increasing of −t similar as the
nature of ζ = 0. The height of the peaks increases and also shift to higher values of x as ζ
increases for fixed −t. We observed markedly different behavior for E˜qT from the other chiral-
odd GPDs when we plot the GPDs against ζ for fixed x and different −t. It shows that with
increasing ζ, E˜qT started to increase smoothly from zero but other GPDs rise from different
values at ζ = 0 for different values of −t.
We have also presented all the chiral-odd GPDs in the transverse position or impact
parameter(b) as well as longitudinal position(σ) spaces by taking FT of the GPDs with re-
spect to transverse momentum transfer(∆⊥) and ζ respectively. The impact parameter b gives
a measure of the transverse distance between the struck parton and the center of momentum
of the hadron. In this model, except H˜qT , the behavior of the GPDs in the transverse impact
parameter space for u and d quarks are quite different when plotted in x and b. Except the
magnitude, the nature of HqT , E
q
T and H˜
q
T are more or less same when plotted against ζ and b
but E˜qT shows a different behavior. The width of the all distributions increase with increasing
ζ as well as x decreases. We found that the GPDs HT , ET and H˜T for u and d quarks in
σ space show diffraction patterns analogous to diffractive scattering of a wave in optics. A
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FIG. 10: (Color online) Plots of the chiral-odd GPDs in longitudinal impact space vs σ and different
values of x, for fixed value of −t = 0.4 GeV 2. Left pannel is for u quark and the right pannel is for d
quark.
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similar diffraction pattern also has been observed in some other models. The qualitative nature
of the diffraction patterns for all three chiral-odd GPDs are same for both u and d quarks. The
general features of this pattern are mainly depends on the finiteness of ζ integration as well as
the dependence of GPDs on x, ζ and t. Like other GPDs, E˜T does not show the diffraction
pattern. This is due to a different nature of E˜T with ζ from the other GPDs. It also indicates
that the diffraction pattern is not solely due to finiteness of ζ integration and the functional
behaviors of the GPDs are important to have the diffraction pattern.
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